Introduction
Level of problem exploration. The topic of the interrelationship between energy consumption and economic growth is widely discussed in global scientific literature. After the time Kraft and Kraft (1978) found that there was a uni-directional causality running from energy consumption to gross national income in USA during 1947 USA during -1974 , the number of articles, which deal with this topic, noticeably increased. Recently, the issue of causality relationship between energy consumption and economic growth has been investigated by Adjaye (2000) , Yoo (2006) , Chen et al. (2007) , Jinke et al. (2008) , Lee & Chang (2008) , Narayan & Smyth (2008) , Chontanawat et al. (2008) , Apergis & Payne (2009) , Akinlo (2009) , Ozturk & Acaravci (2010) , Menegaki (2011) , and others. These scientists agree that the reason for the major interest in these investigations arises because of worldwide increased concern about the impact of energy and environmental policies on the country's economy. The results of performed investigations are controversial; therefore scientists are not of uniform opinion on the impact of energy consumption on the country's economic growth. Several scientists (Narayan & Smyth, 2008; Akinlo, 2009 ) agree that causality runs from energy consumption to economic growth. They draw a conclusion, that economic growth is dependent on energy consumption, and a decrease in energy consumption, which could be caused by implemented energy conservation policy, may restrain economic growth. This issue is relevant both for economically well developed and developing countries. Others (Yoo, 2006; Chen et al., 2007; Jinke et al., 2008) set a reverse relationship, i.e. scientists found that economic growth caused energy consumption. Certainly a bi-directional causality between energy consumption and economic growth was found (Mahadevan & Adjaye, 2007; . This suggested that an increase in energy consumption directly affected economic growth and the latter also stimulated further energy consumption. It is worth noting that neutrality hypothesis was also approved (Ozturk & Acaravci, 2010) . It implied that there weren't causality relationships between energy consumption and economic growth.
The problem of the article covers the following question: might the consumption of RES influence on Lithuania's real GDP? If so, what is real GDP elasticity of RES gross inland consumption in Lithuania?
Novelty of the paper. This paper contributes to existing scientific literature in a way it analyses the interrelationship between RES gross inland consumption and real GDP in Lithuania. The authors consider this to be one of the first attempts to assess the causality relationships between the mentioned variables specifically for Lithuania.
Thus, the aim of the article is to assess the causality relationships between RES gross inland consumption and economic growth (real GDP is taken as an indicator) in Lithuania during 1990 Lithuania during -2009 .
The object of the article is interrelationship between RES and real GDP in Lithuania.
Seeking to implement the aim, the following tasks are set:
to review scientific literature, analyzing relationships between RES consumption and economic growth;
to briefly describe the methodology applied in investigation of causality relationships;
to overview the tendencies of RES consumption and economic growth in Lithuania;
to set the causality interrelationship between RES consumption and real GDP; to assess real GDP elasticity to the RES gross inland consumption.
In order to exercise these tasks the following methods are applied: the analysis of scientific literature, quantitative analysis of selected statistical data, augmented DickeyFuller, Phillip-Perron, Johansen, and Granger causality tests.
Review of literature about interrelationship between RES consumption, economic growth, and efficiency Scientific literature is well-off publications in which the relationship between energy consumption and economic growth is investigated. However, there are only few articles, which deal with the relationship between RES and economic growth, and renewable energy and efficiency. In this context valuable research was performed by Chien & Hu (2007; . Chien & Hu (2007) set that the consumption of RES improved economy's technical efficiency, whereas the consumption of other type of energy decreased technical efficiency. Seeking to improve technical efficiency it is not necessary to increase energy consumption. Controversially, technical efficiency might be improved when traditional energy is substituted by RES. The findings of the research suggested that the government of the country should adopt comprehensive strategies to promote consumption of RES. A year later Chien & Hu (2008) analyzed the channels through which the effect of RES might pass GDP in 116 economies during 2003. The results of the investigation told that RES have a significant and positive impact on capital formation. Similar results were received by Bobinaite et al. (2011) . Scientists set that Lithuanian GDP (calculated at previous year prices) was sensitive over the consumption of indigenous resources, including RES. Development of indigenous resources might explain 92.9% of GDP development in the country. Besides, an increase of indigenous resources by 1 ktoe might improve GDP by 82.6 million LTL. The positive influence of indigenous resources passed Lithuania's GDP through this variable positive effect on gross capital formation. It was also set that households' consumption expenditure was dependent on the volume of indigenous resources, i.e. the consumption of indigenous resources increased households' consumption expenditure.
A valid contribution to the topic of the relationship between renewable energy consumption and real GDP was done by Apergis & Payne (2010a; 2010b; 2011) 1980 -2006 (Apergis & Payne, 2011 . However, the elasticity coefficients for renewable energy consumption with respect to real GDP were different. It was calculated that a 1% increase in renewable energy consumption increased real GDP in OECD countries by 0.76%, in Central America countries by 0.244%, in Eurasia countries by 0.195% when Russia is included in the analysis and only by 0.074% when Russia is excluded. The results of Granger causality test supplemented the results of performed heterogeneous panel co-integration test in two ways. Firstly, Granger-causality test affirmed that bidirectional causality between two variables existed both in short-and long-run. Secondly, the results indicated that renewable energy consumption might affect real GDP through its positive impact on real gross fixed capital formation. Later Apergis et al. (2010c) expanded the scope of research in a way they investigated the causality relationships between four variables, i.e. between CO 2 emissions, nuclear energy and renewable energy consumption, and economic growth in 19 developed and developing countries during . A long-run relationship between the selected variables was set. Besides a bi-directional causality relationship between renewable energy consumption and economic growth was found. Moreover, some additional calculations were performed and conclusions done. The results of these calculations showed that a 1% increase in nuclear energy consumption reduced CO 2 emissions by 0.477%, whereas renewable energy consumption so far didn't reach a level at which it could contribute to this reduction.
Methodology for the assessment of causality relationship
Data analysis. The analysis of the relationship between renewable energy consumption and economic growth will be started after the tendencies of selected variables are presented. Time series of Lithuanian real GDP and RES gross inland consumption will be analyzed in this paper. Agreeably to Yoo & Ku (2009) real GDP in national currency Litas (LTL) instead of GNP as a measure for economic growth was chosen. The decision to select GDP instead of GNP was influenced by the fact that energy consumption of the specific country is related to goods and services produced within the country but not outside it. Chontanawat et al. (2008) recommended including final energy consumption (consumption of industry, construction, agriculture, transport, fishing, commercial and public services, as well households) into the investigation. Narayan & Prasad (2008) investigated the causality running from electricity consumption to real GDP in 30 OECD counties and used only industrial electricity consumption. RES (wind, hydro, geothermal, biomass, biofuel) gross inland consumption will be analyzed in this paper. The examined data are of the year 1990-2009.
Unit root, co-integration and Granger causality tests. Properties of selected time series will be analyzed. For this purpose unit root test will be performed. The aim of this test is to ascertain the stationarity of time series. At the same time this test allows to find the order of the integration "d", which is relevant in taking a decision to perform a co-integration test and to determine a long-run equilibrium among the selected series.
The scientific literature proposes various types of tests for stationarity of selected series testing. Yoo & Ku (2009) and Odhiambo (2010) The ADF test takes several forms. Two cases will be analyzed in this paper. They are the following:
Here:
y t-1 -the 1st lagged value of y; y -variable to be tested; p -augmenting lags; t ε -error term; t -time trend; p , δ β -the parameters to be estimated. The (1) equation represents time series, which is flat and slow-turning around a non zero value. This equation has an intercept term, but no time trend; whereas the (2) equation describes time series, which has a trend (down or up) and is potentially slow-turning around a trend line. The equation (1) and (2) represents that the results of the unit root tests depends on lag lengths, therefore appropriate lag length should be selected. Scientific literature suggests employing Akaike Information Criterion or Schwarz Information Criterion (further in the text SIC). SIC will be used in this paper.
In parallel with ADF test, the PP test will be employed. This test is appropriate since it make a correction to the t-statistics. Unlike the ADF test, there are no lagged differences terms in PP test. Thus, the PP test is described by the equation (3):
Both tests refer to the hypotheses that the series is:
H 0 : Non-stationary H A : Stationary Seeking to reject the H 0 it is essential to compare tstatistics of ADF and PP tests to critical values at 1%, 5% and 10% significance level. With reference to You & Ku (2009) , the probability value of 0.10 is reasonable level of significance for small sample sizes.
In the case H 0 is accepted, the unit root exists and time series is non-stationary. Thus, it is necessary to difference it. Differencing commonly converts series from nonstationarity to stationarity. If time series is stationary then it is determined as integrated and is noted as I(d), where "d" is the order of integration. If both series are found to be I(1) (stationary after the first difference) or one I(1) and the other I(2) (stationary after the second difference), or both I(2) then co-integration test is performed (Chontanawat at el., 2008).
The co-integration test will be performed in order to reveal the existence of a long-run equilibrium. If two series are co-integrated then a long-run effect exists. This prevents the two series drifting away from each other and will force the series to converge into a long-run equilibrium (Kadir & Jusoff, 2010) . In contrary, when cointegration doesn't exist, then a linear combination is not stationary. The Johansen procedure will be applied seeking to disclose a long-run equilibrium.
Causality relationship between series will be tested using Granger causality test. It is pointed out that series x t Granger causes y t , if y t can be predicted with better accuracy by using past values of series x t . Other factors are kept constant. Granger causality model is described by formula (4): H 0 will be tested using F-test. When p-value is significant, then H 0 is rejected. This implies that the first series Granger causes the second series and vice versa.
Elasticity coefficient will be calculated to show, how much y will change if x will increase by 1%. The elasticity coefficients will be calculated by the formula (5): Based on the methodology described above, tendencies of economic growth and RES consumption will be overviewed, tests will be performed and calculations will be done. The main results are presented in the next sections of the paper.
Tendencies of economic growth and RES consumption in Lithuania
Lithuania's economy was developing inconsistently during 1990-2009. Montvilaite (2009) segregated six stages of Lithuanian economy development during this period. With reference to this segregation, tendencies of GDP and its drivers will be shortly presented in this section of the paper. In more details drivers of economic growth were also elaborated by Seckute & Tvaronavicius (2007) After the recovery of independence in 1990 the country met a deep recession, which was influenced by economic, social and political transformations. The economic slump was comparatively large in Lithuania. At the end of 1994, Lithuanian GDP dropped to 56.1% of the 1990 level (Figure 1) .
The "recovery" period (1995) (1996) (1997) (1998) Growth of export volume by 12.5%, increase of household expenditures and expenditures for gross capital formation respectively by 7.3% and 13.0% a year were the main factors influencing on changes of GDP. The highest growth rate of real GDP (10.2%) was recorded for the year 2003. It is argued that thereinafter (2004-2007) national economy was highly influenced by both internal and external factors those impacts on economic development were controversial. On the one hand, economic development was restricted by increasing fuel prices in global markets, migration of labor force and growth of labor costs. On the other hand, economic development was positively influenced by received support from EU Structural funds, low interest rates, which increased consumption and borrowing of households and private sector (Montvilaite, 2009) . As a result of these factors, real GDP grew by 7.8% a year. The global economic crisis affected Lithuanian real GDP already in 2008. Reduction of internal consumption and significant decrease in export of goods were very important factors that caused dramatic decline of GDP in 2009. Thus, this short overview of Lithuanian GDP development and its drivers also shows that the role of energy is not always taken into account, when GDP development is analyzed. This paper will fill this gap by analyzing the possibility of RES to contribute to the country's economic growth.
After the recovery of independence the consumption of RES was very low in Lithuania (Figure 2 ). 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 It amounted only to 320.3 thousand tones of oil equivalent (further in the text ktoe) and made only 2% of gross inland energy consumption in 1990. Due to the reasons, which were analyzed by Konstantinavicute et al. Figure 3 showed that households were the main consumers of RES. However, during Lithuanian rapid economic development period households were tended to reduce RES consumption by 3.3% a year. This reduction might be covered by the consumption of natural gas and electricity. During the period of national economy slowdown the common structure of fuel consumed in household sector changed. Again, households increased consumption of wood and wood waste. In 2009, 71.9% of RES have been consumed in households, 11.2% -in industry, 9.2% -in transport, 5.2% -in trade and service, 1.9% -in agriculture, 0.5% -in construction.
It is worth noting that Lithuania was a net exporter of RES during 2001-2009, except Based on the data presented above a unit root, Johansen co-integration, Granger causality tests are performed and elasticity coefficients calculated. Results are presented in the next sections of this paper.
Results of unit root, Johansen co-integration and Granger causality tests
The stationarity of RES gross inland consumption and real GDP was tested using ADF and PP tests. These tests helped to determine the existence of unit root. The results of unit root tests for stationarity at levels are presented in Table 1 . Significance at 5% level. Number in the angle brackets indicates the critical value. The lag length was selected using Schwarz's information criterion.
Results, presented in Table 1 , show that the H 0 is accepted. Thus, real GDP and RES gross inland consumption are not stationary in levels, when 5% significance level is considered. These series have to be differenced. The results are presented in Table 2 . Significance at 5% level. Number in the angle brackets indicates the critical value. * represents the rejection of H0 of non-stationarity at 10% level of significance. The lag length was selected using Schwarz's information criterion.
Data presented in Table 2 show that none-stationarity can be rejected for first difference of real GDP and RES gross inland consumption series at 5% level of significance. However, a remark has to be done considering the results of ADF test when intercept and trend is included in real GDP series. In this specific case the stationarity can be affirmed at 10% level of significance. The results tell that both series become stationary after the first differencing. This implies that series are integrated in order one, i.e. I(1). Since series are found to be I(1), the co-integration test is performed. The results of the test are presented in Table 3 . With reference to the results of the Johansen cointegration test, it could be stated that there is no cointegration between series at 5% level of significance. This implies that the long-run relationship does not exist between real GDP and RES gross inland consumption. However, Johansen co-integration test was based on the assumption that level data y t have linear trends, but cointegrating equations have only intercepts.
In order to identify the causality relationships between selected series, the Granger causality test was performed. The results of the test are presented in Table 4 . As it is indicated in Table 4 , the results of Granger causality test are lag sensitive. The results tell that RES gross inland consumption Granger causes real GDP at 10% level of significance when 1 lag is considered and at 5% level of significance when 2, 3 and 4 lags are included. The Granger causality test indicated that there was one-way causality running from RES gross inland consumption to real GDP during 1990 GDP during -2009 . However, the received results contradict the results received by Menegaki (2011) who investigated the causal relationship between economic growth and renewable energy in EU-27 during 1997-2007. The empirical results didn't confirm causality between renewable energy consumption and GDP, therefore a "neutrality" hypothesis was approved by the scientist.
Real GDP elasticity of RES gross inland consumption
Real GDP elasticity to RES gross inland consumption was calculated. The results are presented in Figure 4 . Figure 4 shows that real GDP is elastic to RES gross inland consumption and RES consumption grows slower than real GDP. For example, a 1% increase in RES gross inland consumption could increase real GDP by 1.2% in 2000. It should be noted that this would be the case if RES gross inland consumption was the only factor influencing on real GDP. Figure 4 also represents that a negative interrelationship between RES gross inland consumption and real GDP existed in 1999 and 2009, i.e. an increase of RES was associated with the decrease of real GDP. Such situation can be explained by the fact that real GDP was negatively and highly influenced by external factors (by economic recession in global markets) but not RES consumption. Certainly, due to increasing RES export volume in 2008-2009, the slump of real GDP in 2009 could be slightly mitigated.
Conclusions
RES are an important constituent part of energy sector and national economy. The analysis of the relationship between RES gross inland consumption and real GDP showed that RES gross inland consumption could be a factor influencing on real GDP in a short-run in Lithuania. There was found a uni-directional causality running from RES gross inland consumption to real GDP during 1990 GDP during -2009 (the assumption that level data y t have linear trends, but co-integrating equations have only intercepts was taken into account). With reference to the results, it could be argued that wider utilization and consumption of RES could contribute to Lithuanian real GDP in a short-run. Positive interrelationship between the selected variables was found during economic growth periods. In the case of economic recession the amount of RES consumed could only mitigate a slump of real GDP. This reflects that this sector is too small to highly influence on economic growth. As a result a long-run effect of RES consumption on real GDP was not identified. Nonetheless, increasing export volume of wood, biogas and biofuels could be a channel through which very small, but positive impact of RES passed Lithuanian real GDP in a short-run. As well it was set that indigenous resources (including RES) passes Lithuania's GDP through their positive effect on gross capital formation and the consumption of indigenous resources increases households' consumption expenditure (Bobinaite et al., 2011) . Calculated coefficient of real GDP elasticity to RES gross inland consumption showed that real GDP is elastic to RES gross inland consumption and RES consumption grows slower than real GDP. Lapinskiene, G., & Tvaronaviciene, M. (2009 
